Introduction {#s0001}
============

End-stage renal disease (ESRD) occurs when kidneys are functioning at approximately less than 15% of their normal level and the glomerular filtration rate (GFR) reaches lower than 15 mL/min, requiring renal replacement therapy (RRT), namely hemodialysis (HD), peritoneal dialysis (PD) and kidney transplantation, for survival \[[@CIT0001]\]. The prevalence rate of chronic kidney disease (CKD) in Mainland China is reported to 10.8% \[[@CIT0002],[@CIT0003]\], and 9.88% in Zhejiang province \[[@CIT0004]\], about 2% develop into ESRD. ESRD becomes a major public health problem with high rates of mortality and significant costs to the health care system \[[@CIT0003],[@CIT0005]\]. Many traditional factors are associated with outcomes of patients with ESRD, such as age, gender, a history of diabetes mellitus (DM) or cardiovascular disease (CVD), types of vascular access, nutritional status and mineral bone disorder \[[@CIT0006]\]. Recent researches showed that socioeconomic characteristics may also have a relation to outcomes of dialysis patients \[[@CIT0012]\]; low-income, low education, living in remote or rural areas and lack of social and family's support were associated with poor survival rate and quality of life in HD patients \[[@CIT0013]\].

With the rapid growth of ESRD patients in recent years, the dialysis costs have kept increasing, which have become a heavy burden on families and societies. In 2009, the Chinese government launched a new round of national healthcare system reform \[[@CIT0019]\], providing two major types of medical insurance -- the New Cooperative Medical Scheme (NCMS) and the Urban Basic Medical Insurance (UBMI), including the Urban Employee Basic Medical Insurance (UEBMI) and the Urban Residents Basic Medical Insurance(URBMI). Differences exist in the coverage, fundraising and operation of UBMI and NCMS. UBMI is mainly for urban employees, retired citizens, non-employed residents, students and children, and NCMS nearly covers all rural residents \[[@CIT0020]\]. In Zhejiang province, the reimbursement rates of UEBMI, URBMI and NCMS for HD patients with ESRD were approximately 95%, 80% and 50--80%, respectively. A previous Chinese research has found that Chinese medical insurance had a relation to survival of PD patients, NCMS is independently associated with lower survival \[[@CIT0021]\]. However, no study investigated the association between medical insurance model and the outcome of HD patients in China till now.

The aim of the present study was to assess the association between medical insurance model and outcomes of maintenance hemodialysis (MHD) patients with ESRD from eastern China.

Methods {#s0002}
=======

Study design {#s0003}
------------

This is a multicenter, retrospective cohort study, including all incident ESRD patients undergoing MHD between January 2010 and December 2014 from Zhejiang province, a vast province in eastern China. All patients were followed up until death or switching to other RRT, or 31st December 2015 (the end of the study), after which survival data were censored. Inclusion criteria were: (1) aged 18 years and older; (2) received hemodialysis for more than 90 days; and (3) provided complete information about their medical insurance type and clinical characteristics. Exclusion criteria were: (1) refused to provide written consent; (2) malignant disease; (3) the patient had no insurance or commercial insurance; (4) with previous RRT. This study was performed in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University. The clinical trials registration number is 2018008 and the date of registration is January 2018. All participants provided informed consent before enrollment.

Patient cohort {#s0004}
--------------

Data were obtained from a dialysis registration system -- Zhejiang Renal Disease System (ZJRDS) database, which was established in 2007 and included 226 hemodialysis centers all over the Zhejiang province up to present. Patients were separated into UBMI and NCMS group according to different medical insurance model. The earliest records of demographic and clinical data, such as gender, age, etiology of ESRD, BMI (Weight(kg)/Height^2^(metres^2^)), type of vascular access, and laboratory parameters in the first three months after the beginning of hemodialysis, were extracted from ZJRDS database. Laboratory data was measured by every dialysis units and uploaded with uniform measurement unit.

Clinical outcomes {#s0005}
-----------------

The clinical outcomes were all-cause mortality, switching to PD and kidney transplantation. Causes of death were grouped as: (1) cardiovascular diseases (CVD (congestive heart failure, ischemic heart disease, cardiac valvular disorders, rhythm disturbance, cardiomyopathy, hypertension, peripheral vascular diseases, cerebrovascular disease)); (2) infection; (3) systemic failure; (4) financial reasons (gave up treatment because of the family could not afford high medical expenses); (5) other or unknown causes (suicide, traffic accident and so on).

Statistical analyses {#s0006}
--------------------

Continuous variables are expressed as mean ± SD for normally distributed data, or as median and frequency (25--75%) for non-normally distributed data. Categorical data are presented as proportions. Differences in demographics, clinical characteristics between the two groups were analyzed using unpaired *t*-test for normally distributed continuous data, Mann--Whitney *U* test for non-normally distributed data, and Chi-square test for categorical data. Laboratory parameters were analyzed by using standardized mean difference (SMD) and its 95% confidence interval (CI). Survival curves were generated by using the Kaplan--Meier method. Mortality hazard ratios (HRs) for different medical insurance (NCMS versus UBMI) in MHD patients were using multivariate Cox proportional hazards model, adjusted for age, gender, primary diseases, complications and type of vascular access. Statistical analysis was performed using SPSS 22.0 (IBM, Armonk, NY, USA) and Stata software version 12 (StataCorp, College Station, TX, USA). Statistical significance was defined as *p* \< .05.

Results {#s0007}
=======

Demographic and clinical characteristics {#s0008}
----------------------------------------

A total of 29 672 incident dialysis patients were enrolled from 2010 to 2014, and 15 716 patients were excluded. The progress of selecting the whole cohort was shown in [Figure 1](#F0001){ref-type="fig"}. The remaining 13 956 patients were included in the final analysis, 48.6% patients (*n* = 6779) with UBMI and 51.4% patients (*n* = 7177) with NCMS; baseline demographic and clinical characteristics are presented in [Table 1](#t0001){ref-type="table"}. Compared with patients with NCMS, patients with UBMI were heavier (body weight: 56.6 vs. 53.5 kg, *p* \< .001; BMI 20.7 vs. 20.1 kg/m^2^, *p* \< .001), had a higher percentage of the aged (65+ years old, 42.9% vs. 39.1%, *p* \< .001), diabetic nephropathy (DN, 23.7% vs. 19.3%, *p* \< .001), hypertensive nephropathy (HTN, 8.7% vs. 7.6%, *p* \< .05), diabetes mellitus (DM, 6.6% vs. 5.0%, *p* \< .001) and arteriovenous fistula (AVF, 26.0% vs. 21.6%, *p* \< .001), but had a lower proportion of chronic glomerulonephritis (CGN, 45.0% vs. 50.4%, *p* \< .001). There was no difference in cerebrovascular diseases complication (CVD) between the two groups.
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###### 

Demographic and baseline characteristics of the patients.

  Characteristics                      Patients with UBMI (*n* = 6779)   Patients with NCMS (*n* = 7177)   *p*-value
  ------------------------------------ --------------------------------- --------------------------------- -----------
  Age (yr)                             59 ± 16                           58 ± 15                           \<.001
  Age groups, *n* (%)                                                                                       
   \<65 years                          3870 (57.1)                       4371 (60.9)                       \<.001
   65+ years                           2909 (42.9)                       2806 (39.1)                       \<.001
  Male, *n* (%)                        4331 (63.9)                       3778 (52.8)                       \<.001
  Primary Diseases, *n* (%)                                                                                 
   CGN, *n* (%)                        3053 (45.0)                       3617 (50.4)                       \<.001
   DN, *n* (%)                         1606 (23.7)                       1385 (19.3)                       \<.001
   HTN, *n* (%)                        593 (8.7)                         542 (7.6)                         \<.05
   PKD, *n* (%)                        289 (4.3)                         354 (4.9)                         .059
   Other/Unknown, *n* (%)              1238 (18.3)                       1279 (17.8)                       .498
  Complications, *n* (%)                                                                                    
   DM, *n* (%)                         446 (6.6)                         362 (5.0)                         \<.001
   CVD, *n* (%)                        1416 (20.9)                       1591 (22.2)                       .066
  Vascular access, *n* (%)                                                                                  
   Arteriovenous fistula, *n* (%)      1760 (26.0)                       1552 (21.6)                       \<.001
   Central venous catheters, *n* (%)   3137 (46.3)                       4110 (56.7)                       \<.001
  Body weight (kg)                     56.6 (50.0--63.9)                 53.5 (47.2--60.1)                 \<.001
  BMI (kg/m^2^)                        20.7 (18.8--23.0)                 20.1 (18.2--22.3)                 \<.001

Data are presented as mean ± SD or median and frequency (25--75%).

The differences between groups were analyzed using unpaired *t*-test for normally distributed continuous data, Mann--Whitney *U* test for non-normally distributed data, and Chi-square test for categorical data.

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme; CGN: chronic glomerulonephritis; DN: diabetic nephropathy; HTN: hypertensive nephropathy; PKD: polycystic kidney disease; DM: diabetes mellitus; CVD: cerebrovascular diseases; BMI: body mass index.

Laboratory parameters {#s0009}
---------------------

During follow-up, patients with NCMS showed lower hemoglobin levels (97.97 ± 13.47 vs. 94.93 ± 13.76 g/l, *p* \< .001), serum albumin levels (38.15 ± 4.19 vs. 37.94 ± 4.3 g/l, *p* \< .05), triglycerides levels (1.91 ± 1.66 vs. 1.76 ± 1.1, *p* \< .001), calcium levels (2.2 ± 0.19 vs. 2.15 ± 0.21 mmol/l, *p* \< .001), and higher serum creatinine levels (781.51 vs. 796.21 μmol/l, *p* \< 0.001), blood urea nitrogen levels (20.83 vs. 21.07 mmol/l, *p* \< .05), serum uric acid levels (405.35 vs. 416.88 mmol/l, *p* \< .001), potassium levels (4.65 vs. 4.74 mmol/l, *p* \< .001), phosphorus levels (1.65 ± 1.68 mmol/l, *p* \< .001), parathyroid hormone levels (302.2 ± 282.06 vs. 319.41 ± 281.71 pg/ml, *p* \< .05), and alkaline phosphatase levels (97.89 ± 69.07 vs. 102.48 ± 71.99, *p* \< .05), compared with UBMI. There was no difference in ferritin, total cholesterol, low-density lipoprotein, high-density lipoprotein, and C-reactive protein levels between the two groups ([Table 2](#t0002){ref-type="table"}).

###### 

Biochemical characteristics of the study patients.

  Characteristics   Patients with UBMI (*n* = 6779)   Patients with NCMS (*n* = 7177)   SMD     95%CI         *p*-value
  ----------------- --------------------------------- --------------------------------- ------- ------------- -----------
  HGB (g/l)         97.97 ± 13.47                     94.93 ± 13.76                     0.22    0.19,0.26     \<.001
  FERR              312.1 ± 299.05                    322.38 ± 291.88                   −0.04   −0.08,0.01    .114
  ALB (g/l)         38.15 ± 4.19                      37.94 ± 4.3                       0.05    0.01,0.09     \<.05
  sCr (umol/l)      781.51 (605.16--947.61)           796.21 (640.12--972.93)           −0.10   −0.21,−0.13   \<.001
  BUN (mmol/l)      20.83 (17.64--24.10)              21.07 (17.64--24.53)              −0.06   −0.10,−0.02   \<.05
  UA (mmol/l)       405.35 (351.31--461.88)           416.88 (365.98--471.45)           −0.17   −0.21,−0.13   \<.001
  TC (mmol/l)       4.25 ± 1.46                       4.26 ± 1.24                       −0.01   −0.05,0.03    .546
  TG (mmol/l)       1.91 ± 1.66                       1.76 ± 1.1                        0.11    0.07,0.15     \<.001
  LDL (mmol/l)      2.31 ± 1.02                       2.29 ± 0.83                       −0.14   −0.22,−0.06   .301
  HDL (mmol/l)      1.18 ± 0.77                       1.18 ± 0.47                       −0.00   −0.04,−0.03   .920
  CRP (mg/l)        12.66 ± 17.78                     12.44 ± 18.53                     0.01    −0.03,0.05    .561
  K (mmol/l)        4.64 (4.25-5.05)                  4.74 (4.31-5.17)                  −0.13   −0.17,−0.09   \<.001
  Ca (mmol/l)       2.2 ± 0.19                        2.15 ± 0.21                       0.23    0.20,0.27     \<.001
  P (mmol/l)        1.65 (1.39--1.95)                 1.68 (1.43--1.99)                 −0.09   −0.13,−0.05   \<.001
  PTH (pg/ml)       302.2 ± 282.06                    319.41 ± 281.71                   −0.06   −0.10,−0.02   \<.05
  ALP (U/l)         97.89 ± 69.07                     102.48 ± 71.99                    −0.07   −0.11,−0.02   \<.05

Data are presented as mean ± SD or median and frequency (25--75%).

The differences between groups were analyzed using SMD and its 95% CI.

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme; HGB: hemoglobin; FERR: ferritin; ALB: albumin; sCr: serum creatinine; BUN: blood urea nitrogen; UA: uric acid; TC: total cholesterol; TG: triglycerides; LDL: Low-density lipoprotein; HDL: high-density lipoprotein; CRP: C-reactive protein; K: potassium; Ca: calcium; P: phosphorus; PTH: parathyroid hormone; ALP: alkaline phosphatase.

Clinical outcomes {#s0010}
-----------------

Among enrolled patients, 16.2% patients (*n* = 1099) with UBMI and 20.8% patients (*n* = 1494) with NCMS died before the end of this study. Patients with NCMS had a higher unadjusted death rate on a univariate analysis (16.2% vs. 20.8%, *p* \< .001), had a smaller percentage of kidney transplantation (2.0% vs. 3.5%, *p* \< .001) and lost (7.4% vs. 10.0%, *p* \< .001) compared with patients with UBMI. There was no difference in switching to PD rate between the two groups. ([Table 3](#t0003){ref-type="table"}).

###### 

Causes for ceasing hemodialysis.

  Characteristics         Patients with UBMI (*n* = 6779)   Patients with NCMS (*n* = 7177)   *p*-value
  ----------------------- --------------------------------- --------------------------------- -----------
  Death, *n* (%)          1099 (16.2)                       1494 (20.8)                       \<.001
  Switch to PD, *n* (%)   103 (1.5)                         112 (1.6)                         .844
  Transplant, *n* (%)     235 (3.5)                         146 (2.0)                         \<.001
  Lost, *n* (%)           676 (10.0)                        533 (7.4)                         \<.001

The differences between groups were analyzed using chi-square test for categorical data.

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme; PD: peritoneal dialysis.

Patients survival and predictors of mortality {#s0011}
---------------------------------------------

In the present study, the unadjusted survival rate at 1-, 3- and 5- year were 95.4%, 84.4% and 74.1% in patients with UBMI, 93.1%, 79.7% and 67.7% in patients with NCMS, respectively ([Table 4](#t0004){ref-type="table"}). Cardiovascular disease was the main cause of death in both groups ([Table 5](#t0005){ref-type="table"}). Kaplan--Meier analysis showed higher survival in patients with UBMI (*p* \< .001) ([Figure 2](#F0002){ref-type="fig"}.), and the relative risk of death for patients with NCMS was 1.53 (95% CI, 1.38--1.68) in model adjusted for age, sex, primary diseases, complications and type of vascular access. Multivariate Cox proportional regression analysis showed that gender, age, BMI, causes of ESRD, DM, CVD and vascular access type were independent predictors of patient survival in hemodialysis patients ([Table 6](#t0006){ref-type="table"}).

![Cumulative survival for patients with UBMI and NCMS.](IRNF_A_1652648_F0002_B){#F0002}

###### 

Unadjusted hemodialysis patients' survival rate.

  Medical insurance    1-year (%)   3-year (%)   5-year (%)   Median survival time (months)
  -------------------- ------------ ------------ ------------ -------------------------------
  Patients with UBMI   95.4         84.4         74.1         62
  Patients with NCMS   93.1         79.7         67.7         58.9

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme.

###### 

Causes of mortality.

  Causes of death              Patients with UBMI (*n* = 1029)   Patients with NCMS (*n* = 1420)   *p*-value
  ---------------------------- --------------------------------- --------------------------------- -----------
  CVD, *n* (%)                 381 (37.0)                        467 (32.9)                        \<.05
  Infection, *n* (%)           131 (12.7)                        101 (7.1)                         \<.001
  Systemic failure, *n* (%)    97 (9.4)                          92 (6.5)                          \<.05
  Financial reasons, *n* (%)   1 (0.1)                           10 (0.7)                          \<.05
  Other, *n* (%)               419 (40.7)                        750 (52.8)                        \<.001

The differences between groups were analyzed using chi-square test for categorical data.

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme; CVD: cardiovascular diseases.

###### 

Predictors of mortality on multivariate Cox proportional regression analysis.

  Characteristics             *p*-value   Adjusted HR   95%CI
  --------------------------- ----------- ------------- -----------
  NCMS:UBMI                   \<.001      1.53          1.38,1.68
  Gender                      \<.001      1.21          1.10,1.34
  Age                         \<.001      1.05          1.04,1.05
  BMI                         \<.001      0.94          0.92,0.95
  Primary Diseases            \<.001                     
   DN                         \<.001      1.98          1.75,2.23
   HTN                        \<.05       1.26          1.07,1.47
   PKD                        .111        0.78          0.57,1.06
   Other/Unknown              \<.001      1.29          1.12,1.48
  Complications                                          
   DM                         \<.001      1.52          1.26,1.82
   CVD                        \<.001      1.39          1.25,1.54
  Vascular access             \<.001                     
   Arteriovenous fistula      \<.05       0.84          0.72,0.98
   Central venous catheters   \<.001      1.52          1.34,1.72

Mortality hazard ratios (HRs) for different medical insurance (NCMS versus UBMI) in maintenance hemodialysis patients using Cox model, adjusted for age, gender, primary diseases, complications and type of vascular access.

UBMI: the Urban Basic Medical Insurance; NCMS: New Cooperative Medical Scheme; BMI: body mass index; DN: diabetic nephropathy; HTN: hypertensive nephropathy; PKD: polycystic kidney disease; DM: diabetes mellitus; CVD: cerebrovascular diseases.

Discussion {#s0012}
==========

The present study was the first multicenter and retrospective analysis of the association between medical insurance type and clinical outcomes of initiated HD patients with ESRD in China. Data showed that patients with NCMS had a smaller percentage of DN, HTN, DM and AVF, faced with more problems in anemia, hypoalbuminemia, metabolism of calcium and phosphorous, and had a significantly lower survival rate compared with UBMI.

Patients with ESRD have a higher mortality rate than general population, anemia, hypoalbuminemia, infection \[[@CIT0022]\], lower intact parathyroid hormone level \[[@CIT0023]\], upper gastrointestinal bleeding \[[@CIT0024]\], obesity \[[@CIT0025]\], and lower vitamin D \[[@CIT0026]\] are traditional risk factors for mortality in ESRD patients. Meanwhile, socioeconomic factors such as depression \[[@CIT0027],[@CIT0028]\], education level \[[@CIT0013]\], household income \[[@CIT0029]\] were reported to be associated with survival of ESRD patients. Medical insurance disparity might affect the choice of treatment of patients with ESRD \[[@CIT0030]\], and eventually have an influence on their outcomes. Jurkovitz et al. presented that lack of medical insurance is an independent risk factor for early death and ESRD in adults younger than 65 years are at high risk of kidney disease \[[@CIT0031]\]. However, another study showed that the medical insurance status was not independently associated with outcomes in hemodialysis patients \[[@CIT0032]\]. Evidences about the association between mortality and medical insurance in ESRD patients are controversial, it may relate to different health insurance policy, economic status, education, nutrition and technical level of hospital. In our study, the all-cause mortality was significantly higher in HD patients with NCMS compared with UBMI. Similar results were observed from a previous study from China showing medical insurance model is independently associated with PD patient survival \[[@CIT0021]\], it was also supported by a study from Colombia showing that dialysis patients with poor medical insurance type had lower survival \[[@CIT0033]\].

Currently, China suffers from imbalanced development between rural and urban areas, patients with UBMI mainly live in urban areas, having access to better educational and medical resources, and might consciously contact with a nephrologist and obtain professional medical advice compared with patients with NCMS, who are mainly live in rural areas. The awareness of CKD was low in China \[[@CIT0034],[@CIT0035]\]. Our study showed that the percentage of young patients (\<65 years old) in NCMS group was higher than UBMI group, young patients might be related to lower attention to health and awareness of ESRD than the aged, such condition can delay intervention and treatment at an early stage. And unbalanced medical development between rural and urban areas might delay appropriate treatments in rural patients then ultimately allow CKD to progress to ESRD at a young age. Urban patients have more opportunities to receive advises from a nephrologist, who can give suggestions for ESRD patients before starting dialysis, for example, establishing the arteriovenous fistula in advance. Indeed, urban patients had a higher proportion of arteriovenous fistula as vascular access than rural patients in our study, which could be associated with a lower all-cause mortality rate than patients with central venous catheters.

Previous epidemiological data from China showed that patients with UBMI have a higher proportion of hypertension and diabetes. Similar results were observed in our study, more patients with UBMI suffered from DN, HTN and diabetes compared with NCMS, which might be results of obesity, unhealthy lifestyle and diets caused by rapidly increased economic development in cities. Dialysis patients often suffer many problems, such as anemia, hypoproteinemia, malnutrition, mineral and bone abnormalities. Our study showed that patients with NCMS had lower hemoglobin, serum albumin, and total triglyceride levels than patients with UBMI, which might be a consequence of malnutrition due to a lower economic status in rural areas. Meanwhile, problems in metabolism of calcium and phosphorous were more common in patients with NCMS, who usually are unable to afford expensive phosphorus binders such as lanthanum carbonate, sevelamer hydrochloride and calcimimetics such as cinacalcet hydrochloride, which were not covered by both medical insurance before 2015.

In addition, insurance disparity may affect the choice of treatment for patients with ESRD. Patients with UBMI had more opportunities to receive renal transplantations, although the limitation of a shortage of donor\'s kidneys, financial conditions may play an important part in it. Costs of the living donor nephrectomy are at patients own expense in China, and the reimbursement proportion of follow-up treatment with immunosuppressants is higher in recipients with UBMI than with NCMS. There was no significant difference in the rate of switching from HD to PD between two groups, the exhaustion or infections of the vascular access are thought to be major reasons for this switch \[[@CIT0036]\]. Cardiovascular diseases were major causes of death in hemodialysis patients with ESRD, whose proportion was higher in patients with UBMI compared with NCMS; it may be a result of diabetes, hypertension and obesity common in cities. We followed up patients to tract the reasons of treatment withdrawal and found that the mortality due to financial reasons was still more frequent in patients with NCMS compared with patients with UBMI, underling the importance of insurance coverage and economics in HD patients with ESRD. In addition, results showed that gender, age, DN, HTN, DM, CVD and central venous catheters were independent predictors for all-cause mortality in hemodialysis patients. We need to make more efforts to manage the controllable factors to reduce the mortality risk.

Our study has several limitations: (1) It is a retrospective study, despite our best efforts to collect some potentially important factors for patients survival, but such as Kt/V, drugs were unable to be obtained; (2) We did not record the socio-economic status of the enrolled patients such as income and education levels in our database, which may also influence the evaluation of the relationship between medical insurance and mortality in HD patients; (3) We failed to analyze the influence of different communities (rural or urban areas) and different medical insurances (UBMI or NCMS) on patients' survival. Because, there was a large internal floating population between urban and rural areas, it is hard to separate patients with UBMI or NCMS into urban or rural areas group; (4) The cause of death for many patients should be presumed by the nephrologist, especially for the patients who died at home.

Conclusions {#s0013}
===========

In summary, our study underlined the importance of Chinese medical insurance type in survival of hemodialysis patients, survival was lower and laboratory parameters were inferior in HD patients with NCMS compared with UBMI. Results of the present study might provide a rationale for individualization and tailoring of the therapeutic approach, particularly for rural patients. In light of our finding, we suggest that the medical insurance coverage rate for patients with ESRD needs to be improved.
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